Objective: To report the underlying cause and occurrence of odontogenic disease among patients requiring treatment for chronic maxillary sinusitis in a University Hospital setting in Denmark.
Introduction
Patients with CRS suffer from nasal blockage, obstruction, congestion with or without facial pain or reduced sense of smell.
The symptoms are caused by inflammation of the nasal and paranasal mucosa often in relation to an acute rhinitis. CRS is defined as present when symptoms have lasted for >12 weeks (1) .
In these cases, anterior rhinoscopy or more detailed endoscopy should be performed to identify secretion, edema or polyps.
Most cases of CRS can be controlled by medical and surgical treatment; however some patients develop recalcitrant infections. Recalcitrant CRS imposes a huge problem for the afflicted patients. Dental disease, foreign body, immunosuppression and fungus disease are considered to be some of the important causes of recalcitrant CRS (1, 2) .
Most patients with CRS have bilateral problems (3) but in some show that up to 12-14% of CRS has an odontogenic ethology (4) (5) (6) .
However, recent studies indicate that the actual number may be up to 25-40% of patients (5, (7) (8) (9) .
In this study we report the underlying cause and occurrence of odontogenic disease among patients, requiring treatment for chronic maxillary sinusitis in a University Hospital setting in Denmark. Additionally, we estimate the time from debut of symptom until the correct diagnosis was made.
Methods

Study design
The study is a retrospective study, with focus on dental causes for sinus surgery, including a telephone interview as follow-up.
Odense University Hospital has an OMFS (Oral and Maxillofacial surgical) department and an ENT department, which are involved in and responsible for the treatment of odontogenic sinusitis in an interdisciplinary diagnostic setting. All patients who had maxillary sinus surgery performed in the 10-year period January 1st, 2000 to December 31st, 2009 were identified using surgical ICD 10 codes (DMB20 DNB20 DMW00 KPDM10 UDM05 DMB00). 
Statistics
The data were statistically analyzed using Statistical Package of Microsoft Excel Software.
Ethics
We contacted the patients as a part of a quality assurance project. We did not change the treatment. The National Committee on Health Research Ethics approved our project in 2010.
Results
In total, 788 patients with CRS had maxillary sinus surgery In relation to the etiology (Table 1) , tooth extraction and root canal treatment were the most common treatments suspected as responsible for odontogenic sinusitis. Other possible etiolo- 
Postoperative medicament treatment
In 14 patients (37.8%) treatment with nasal steroid over a period of one to three months after the surgery had been prescribed, one patient had received systemic steroid therapy and in 17 cases (45.9%) postoperative antibiotic treatment had been prescribed.
Postoperative complications
There were no recorded major postoperative complications.
Only minor complications such as bleeding, infection or pain were seen in seven cases (18.9%).
Follow up interview
Thirty patients (81.1%) were interviewed by telephone. The In 18 of the cases in this study, radiographic examination included a combination of ortopan tomography and computed tomography (CT) (48.6%), nine (24.3%) only had ortopan tomography and 8 (21.6%) only had CT. In one case (2.7%) no radiological examination was performed and in one case (2.7%) results from a positron emission tomography (PET) was used.
Treatments before the first consultation
Characteristic for the majority of patients in this study (22 patients = 59.4%) was a slight response to initial medical therapy or other treatments with long intervals of remission but recurrence of symptoms.
Before the first consultation at Odense University Hospital, 19
patients were treated with antibiotic with or without different kinds of surgeries (51.4%). In 14 patients, no treatment had been initiated. 12 patients (32%) had suffered from symptoms at least one year before the first consultation at Odense University Hospital (Table 2) .
Surgical treatment
The surgical treatment was in the majority of cases performed Table 1 . Dental origin of sinusitis in 37 patients.
Cause of odontogenic sinusitis Number of patients
Tooth extraction 10
Root canal treatment 5
Extrusion of endodontic obturation materials into sinus 2
Incorrectly positioned dental implants 2
Dental abscesses 5
Retained teeth 3
Poor dental hygiene 3
Oroantral fistula 3
Periodontitis 2
Unknown cause 2 if an oroantral fistula had healed completely. Out of the thirty patients we interviewed, 26 patients (70.3%) responded that they were satisfied with the treatment. Two patients (5.4%) had the same symptoms as before surgery and they were offered a second surgical procedure and two patients (5.4%) had the same subjective symptoms as before the treatment, but further surgery was not considered helpful. 
A review has suggested that Cone Beam Volumetric Computed
Tomography (CBCT) is indicated in cases of odontogenic maxillary sinusitis not being responsive to therapy (17) . Cone Beam CT is a relatively new tool which utilizes approximately 10% of the radiation dose of conventional CT, and is able to image bony detail exquisitely, although soft tissue detail is reduced (18) . Cone
Beam was not available at our institution in the study period.
The majority of patients were therefore examined with ortopantomography and/or CT scanning of paranasal sinus.
Complications to dental treatment were the suspected cause of odontogenic maxillary sinusitis in 51.3% of the patients in this study, while other etiological factors such as periodontitis were less frequent. In other studies, odontogenic infections are considered the most common cause of odontogenic sinusitis (19) . This difference in occurrence may possible relate to a better oral health in Denmark. Improved oral health should imply a decreased risk of dental infection.
However, our study shows a wide range of factors indicating, that even in regions with high oral health care odontogenic sinusitis should still be considered a risk. Even so, these may often be caused by advanced and technically challenging dental procedures in all age groups.
One of the common causes of odontogenic sinusitis is the presence of an oroantral fistula after tooth extraction. An oroantral fistula is defined as an osteomucosal communication between the oral cavity and either a sinus or the nasal cavity. Treatment of these lesions should be performed in close cooperation between ENT and dental surgeons (13, 20) . The treatment of oroantral fistula and maxillary sinusitis of odontogenic origin is surgical. The surgeons in this study used a combination of primary closure ad modem Rhermann Plastic with or without buccal fat and sinus surgery.
Foreign bodies in the maxillary sinus such as root canal cement, Iatrogenic causes, which include dental extractions, were the most common etiologic factors related to the development of odontogenic maxillary sinusitis in this study. Complications to dental treatment were responsible for a majority (51.3%) of the cases of odontogenic sinusitis.
In this study the non-surgical treated population is not reviewed, and we cannot conclude from this study alone that management of maxillary sinus disease of odontogenic origin requires surgical drainage/sinus surgery.
We can conclude that the management of maxillary sinus disease of odontogenic origin in Odense University Hospital setting may require surgical drainage/sinus surgery, and treatment to remove the offending dental etiology.
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parts of tooth, and parts of bone were the cause of disease in a number of cases. In all these cases removal of the foreign body solved the problem for the patient. Table 3 shows that the treatment of odontogenic sinusitis involves several different surgical procedures. In this study Claoue was the most common surgical sinus treatment of oroantral fistula. Transnasal endoscopic surgery was also used in treatment of oroantral fistula. Transnasal endoscopic surgery is a safe technique with a lower risk of complications (13) . The Claoue procedure has now in the majority of cases been replaced by endoscopic opening of the maxillary sinus because of less traumatic approach and lower rate of complications and better preservation of antral lining.
Endoscopic opening of the maxillary sinus has gained popularity against Caldwell Luc procedure in treatment of odontogenic maxillary sinusitis, and is the first choice for treating chronic sinusitis. In very rare cases Caldwell Luc procedure could be considered to access disease of anterior maxillary sinus wall
No major complications such as orbital hematoma, visual disturbance and cerebrospinal fluid leak or trigeminal neuralgia were observed during or after the sinus surgery in this study.
The follow up interview indicated good results of surgical treatment of the odontogenic maxillary sinusitis and no major early or long term complications.
Conclusion
Characteristic for odontogenic maxillary sinusitis is persistence of symptoms for a long period, and a rather long diagnostic delay before diagnosis was made. Odontogenic origin of infection must be suspected in sinusitis patients who are resistant to standard medical or surgical treatment as well as in those who have a history of dental problems or dental or oral surgical treatment.
